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(57) ABSTRACT 

Adigital camera acquires the image of an original including 
an original from a shot image acquired by shooting. The 
digital camera reduces the image of the original and corrects 
distortion of the reduced image Which is originated from the 
characteristic of a lens. As the digital camera performs 
distortion correction on the reduced image, the number of 
arithmetic operations in distortion correction is reduced, 
making distortion correction simpler. The digital camera 
acquires a rectangle de?ned by the contour of the original, 
extracts the image of the original to acquire an original 
image before reduction, and acquires an associated projec 
tion-transformed image by affine transformation. The digital 
camera acquires pixel positions of the original image using 
an affine parameter, and acquires pixel positions of the 
image before distortion correction using a relational expres 
sion of distortion correction performed on the reduced 
image. 



Patent Application Publication Sep. 22, 2005 Sheet 1 0f 12 US 2005/0206753 A1 

FIG. 1 
1 

/ 
13 

FIG. 2A FIG. 2B 
(SHUTTER BUTTON 13) 

IMAGE OF ORIGINAL 

/ 

ABC 



Patent Application Publication Sep. 22, 2005 Sheet 2 0f 12 US 2005/0206753 A1 

FIG. 3 

DIGITAL CAMERA 25 
,_J 

IMAGE 
PROCESSING UNIT 

SHOT-IMAGE 2&32 
ACQUISITION SECTION 

REDUCED-IMAGE K133 
ACQUISITION SECTION 

DIsTORTION A 

INFORMATION ~34 
ACQUISITION SECTION 

PROJECTION 
PARAMETER "#35 

ACQUISITION SECTION 

PROJECTION 
TRANSFORMATION T~36 

SECTION 

21 A / II A / 

OPTICAL < OPERATION 
LENS UN|T : UNIT 

22 
' 27 

IMAGE d / 
SENSOR T 

l _ COMPUTER 

, 53 CPU T T INTERFACE UNIT 

MEMORY < 28 31 

24 / / 
" / l _ EXTERNAL MEMORY ‘ _ MEMORY 

DISPLAY < T T IO UNIT T T CARD 

UNIT 

II 29 
,__J 

‘PROGRAM 
CODE MEMORY 

UNIT 



Patent Application Publication Sep. 22, 2005 Sheet 3 0f 12 US 2005/0206753 A1 

511 SHOOTING PROCESS 
% 

81 2| SET TO PREVIEW ] 
\K I‘ NO 

513 < SHUTTER DEPRESSED? >— 
a iYES 

S1 4 | SHOT-IMAGE READING CONTROL | 
a i 

S1 5| WRITE DATA OF SHOT IMAGE | 
a F NO 

S16 < READING FINISHED? >— 
; +YES 

517 | GENERATE PREVIEW IMAGE | 
a i 

518 | GENERATE COMPRESSED DATA I 
R i 

319 | SAvE COMPRESSED DATA | 
i 

ACQUIRE CONTOUR OF SHOOTING 
S20 TARGET FROM SI-IOT IMAGE 

i NO 
< ACQUIRED? >—i 

CREATE PROJECTION 
522 TRANSFORMED IMAGE 
R i 

IMAGE TRANSFORMATION 
S23 ADJUSTING PROCESS 
R i 

CORRECTION PARAMETER 
S24 EXTRACTING PROCESS 
% i 827 

PROCESS OF CLEARING /—/ 

s25 TRANSFORFED IMAGE WARNING PROCESS 
GENERATE COMPRESSED DATA 

S26 OF TRANSFORMED IMAGE 
R i 

| SAvE TRANSFORMED IMAGE | 

I 

(END) 



Patent Application Publication Sep. 22, 2005 Sheet 4 0f 12 US 2005/0206753 A1 

FIG. 5A 

FIG. 5B 



Patent Application Publication Sep. 22, 2005 Sheet 5 0f 12 US 2005/0206753 A1 

FIG. 6A 

FIG. 6B 



Patent Application Publication Sep. 22, 2005 Sheet 6 0f 12 US 2005/0206753 A1 

A 

<— 

A A 

<— <——— 

65 mm 9 20:88am; m. - 5 u m Aw_x< mm 9. zozbmwOmmv S u m Aw_x< E O._. zocbmwomnc m + E u m 

0N .OE mm .OE 



Patent Application Publication Sep. 22, 2005 Sheet 7 0f 12 US 2005/0206753 A1 

FIG. 8A 

45° § 6 <135° 

V 

FIG. 88 



Patent Application Publication Sep. 22, 2005 Sheet 8 0f 12 US 2005/0206753 A1 

FIG. 9 

CONTOUR ACQUISITION 
PROCESS 

831 
“w I 

GENERATE REDUCED IMAGE 

s32 1 
R 

GENERATE EDGE IMAGE 

$33 I 
% 

HOUGH TRANSFORMATION 

$34 I 
L“ 

SELECT QUADRANGLE CANDIDATE 

s35 
% Y 

STORE VERTICES OF QUADRANGLE 



Patent Application Publication Sep. 22, 2005 Sheet 9 0f 12 

F I G. 1 O 

GUADRANGLE CANDIDATE) SELECTING PROCESS 

841 
R 

ACQUIRE PLURAL COORDINATES 
HAVING A LARGE NUMBER OF VOTES 
IN 45° 2 9 <135° AS CANDIDATES 
(X-AXIAL DIRECTIONAL CANDIDATES; 
UPPER AND LOWER SIDES) 

S42 

ACQUIRE PLURAL COORDINATES 
HAVING A LARGE NUMBER OF VOTES 
lN 135° 2 6 <225° AS CANDIDATES 
(X-AXIAL DIRECTIONAL CANDIDATES; 
RIGHT AND LEFT SIDES) 

S43 

SET PRIORITY DEGREES OF X-‘AXIAL 
DIRECTIONAL CANDIDATES AND 
Y-AXIAL DIRECTIONAL CANDIDATES 
WITH POSITIVE AND NEGATIVE p IN 
DESCENDING ORDER 

S44 
% 
SELECT UPPER AND LOWER AND RIGHT 
AND LEFT SIDES HAVING MAXIMUM 
p AS MOST LIKELY CANDIDATE 

US 2005/0206753 A1 



Patent Application Publication Sep. 22, 2005 Sheet 10 0f 12 US 2005/0206753 A1 

FIG. 11 

ORIGINAL IMAGE IMAGE AFTER EXTRACTION AND 
PROJECTION CORRECTION 

PROJECTION 
TRANSFORMATION Af 

TRANSFORMATION u 
A=Af'1 

EXTRACTION AREA 



US 2005/0206753 A1 Patent Application Publication Sep. 22, 2005 Sheet 11 0f 12 

PROJECTION TRANSFORMATION 
SECTION BASED ON AFFINE 

TRANSFORMATION 

S51 
% 

U: 

S52 
% 

v: 

853 < 
\_\ 

ACQUIRE COORDINATES (x, y) 
FROM AFFINE PARAMETERS A 

S54 
% 

DISTORTION CORRECTION 

S55 
\% 

ACQUIRE COORDINATES (u, v) 

S56 
% 

v=v+1 

S57 

vZvmax NO 
S58 YES 
‘% 

u=u+1 

S59 v 

u-_>-umax NO 

YES 

\ 

(END) 



Patent Application Publication Sep. 22, 2005 Sheet 12 0f 12 US 2005/0206753 A1 

FIG. 13 



US 2005/0206753 A1 

IMAGE PROCESSING APPARATUS FOR 
CORRECTING DISTORTION OF IMAGE AND 

IMAGE SHOOTING APPARATUS FOR 
CORRECTING DISTORTION OF SHOT IMAGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image process 
ing apparatus and an image shooting apparatus Which easily 
correct distortion of an image, such as trapezoidal distortion. 

[0003] 2. Description of the Related Art 

[0004] With advancement of digital cameras and cost 
reduction of storage type memories, studies have been made 
on applications in Which digital cameras are not only used to 
shoot scenes and persons, but also shoot documents, such as 
papers and name cards, or What is Written on a blackboard 
or so in a meeting, and digitally save those images in a 
personal computer or so for management. 

[0005] In shooting a sheet using such a digital camera, the 
quadrangle of the sheet is deformed into a trapeZoid. There 
is an image shooting system Which corrects such trapeZoidal 
distortion or keystone distortion. When a macrolens, a 
Wide-angle lens or the like is used, the shape of a sheet is 
distorted into a barrel shape as shoWn in FIG. 13 due to the 
characteristics of those lenses. To acquire a high-quality 
image, such distortion should be corrected. 

[0006] Various distortion correction methods are available 
to correct distortion originated from the lens characteristic. 
For example, because the distortion is generally distortion 
that is determined at the time of designing the lens, one 
possible method is to acquire points of an image having 
distortion Which correspond to pixel coordinates of an ideal 
distortion-free image beforehand from the relationship 
betWeen the pixel coordinates of the ideal distortion-free 
image and the pixel coordinates of the image having distor 
tion, and acquire pixel data through interpolation or the like 
from the values of surrounding pixels. 

[0007] This method hoWever should perform pixel inter 
polation or so both in image extraction and projection 
correction and thus requires an interpolation operation 
tWice. This increases degradation of an acquired image. 
When distortion is originated from the lens characteristic, 
correction should be carried out for each pixel, increasing 
the number of operations for correction, so that the overall 
processing takes time. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made to overcome 
the conventional problems, and aims at providing an image 
processing apparatus Which corrects distortion of an image, 
and comprises a shot-image acquisition section Which 
acquires a shot image of a subject to be shot, including a 
shooting target image Which is an image portion correspond 
ing to the subject to be shot; a reduced-image acquisition 
section Which acquires a reduced image that is the shot 
image With a reduced resolution; a distortion information 
acquisition section Which acquires distortion information 
indicative of distortion of the shooting target image based on 
the reduced image; a projection parameter acquisition sec 
tion Which acquires a projection parameter for converting 
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the shooting target image to an ideal distortion-free image 
based on the distortion information; and a projection trans 
formation section Which produces a projection-transformed 
image by performing projection transformation on the shot 
image using the projection parameter. 

[0009] The invention can easily correct distortion of an 
image, such as trapeZoidal distortion. As an image shooting 
apparatus equipped With an image shooting capability can 
acquire a shooting target image free of distortion, such as 
linear distortion originated from a shooting angle or distor 
tion originated from the lens characteristic, by performing 
the processing on a shot image acquired by shooting a 
subject to be shot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is an explanatory diagram shoWing the 
structure of a digital camera according to one embodiment 
of the invention; 

[0011] FIGS. 2A and 2B are diagrams for explaining the 
functions of the digital camera shoWn in FIG. 1, FIG. 2A 
shoWing a distorted shot image While FIG. 2B shoWs an 
ideal image after correction as if it Were taken from the front; 

[0012] FIG. 3 is a block diagram shoWing the structure of 
the digital camera shoWn in FIG. 1; 

[0013] FIG. 4 is a ?oWchart illustrating a shooting process 
Which is executed by the digital camera shoWn in FIG. 1; 

[0014] FIGS. 5A to 5C are explanatory diagrams of a 
contour acquisition process of acquiring the contour of a 
subject to be shot Which is executed by an image processing 
apparatus shoWn in FIG. 2, FIG. 5A shoWing the image of 
an original deformed like a barrel by the distortion of an 
image-taking lens section, While FIG. 5B shoWs a reduced 
image undergone distortion correction and FIG. 5C shoWs 
an edge binary image; 

[0015] FIGS. 6A and 6B are explanatory diagrams of 
Hough transformation; 
[0016] FIGS. 7A to 7D are explanatory diagrams of 
Hough transformation for a deformed line, FIG. 7A shoW 
ing Hough transformation for a distorted line While FIGS. 
7B to 7D respectively shoW projection histograms to s1, s2 
and s3 axes shoWn in FIG. 7A; 

[0017] FIGS. 8A and 8B are explanatory diagrams of a 
scheme of reducing an inspection angle in Hough transfor 
mation; 

[0018] FIG. 9 is a ?oWchart illustrating the contents of a 
process of acquiring the contour of a subject to be shot 
Which is executed by the image processing apparatus shoWn 
in FIG. 3; 

[0019] FIG. 10 is a ?oWchart illustrating the contents of a 
quadrangle candidate selecting process Which is executed by 
the image processing apparatus shoWn in FIG. 3; 

[0020] FIG. 11 is an explanatory diagram of affine trans 
formation; 

[0021] FIG. 12 is a ?oWchart illustrating the contents of a 
projection transformation process based on af?ne transfor 
mation, Which is executed by the image processing appara 
tus shoWn in FIG. 3; and 
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[0022] FIG. 13 is an explanatory diagram showing a 
distorted image. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] An image shooting apparatus according to one 
embodiment of the invention Will be described beloW With 
reference to the accompanying draWings. 

[0024] In the following description of the embodiment, an 
image shooting apparatus Will be described as a digital 
camera. 

[0025] FIG. 1 shoWs the structure of a digital camera 1 
according to the embodiment. 

[0026] The digital camera 1 according to the embodiment 
shoots the contents described on the sheet of an original 2, 
corrects trapeZoidal distortion or keystone distortion of the 
image of a subject to be shot (hereinafter referred to as 
“shooting target”) or the image of the including the original 
2, and generates an ideal image as shoWn in FIG. 2B, as if 
taken from the front, from a shot image as shoWn in FIG. 2A 
acquired by image shooting. The digital camera 1 has an 
image shooting lens section 11, a liquid crystal monitor 12 
and a shutter button 13. 

[0027] The image shooting lens section 11 has a lens or so 
for condensing light, and condenses light from the original 
2 or so. 

[0028] The liquid crystal monitor 12 displays an image 
taken inside via the image shooting lens section 11. The 
shutter button 13 is depressed When shooting the original 2. 
The digital camera 1 has a poWer sWitch, a mode sWitch an 
image adjustment key (not shoWn), and so forth in addition 
to the shutter button 13. 

[0029] The poWer sWitch is used to poWer the digital 
camera 1 on or off. The mode sWitch is for setting an image 
shooting mode for shooting a subject, and a playback mode 
for reproducing shot images. The image adjusting key is 
operated When performing image processing. 

[0030] As shoWn in FIG. 3, the digital camera 1 further 
includes an optical lens unit 21, an image sensor 22, a 
memory 23, a display unit 24, an image processing appa 
ratus 25, an operation unit 26, a computer interface unit 27, 
an external memory IO unit 28, and a program code memory 
unit 29. 

[0031] The optical lens unit 21 has the image shooting lens 
section 11 and a drive unit for the image shooting lens 
section 11, and forms an image by condensing light from the 
original 2 on the image sensor 22. 

[0032] The image sensor 22 acquires the formed image as 
digital image data, and is comprised of a CCD or so. The 
image sensor 22 is controlled by a CPU 30. When the shutter 
button 13 is not depressed, the image sensor 22 generates 
digital image data With a loW resolution for previeW and 
sends the image data to the memory 23 regularly at intervals 
of 30 seconds or so. When the shutter button 13 is depressed, 
the image sensor 22 generates digital image data With a high 
resolution and sends the image data to the memory 23. 

[0033] The memory 23 temporarily stores a loW-resolu 
tion previeW image, high-resolution image data or data of an 
original image to be undergone in the image processing 
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apparatus 25 or image data after image processing. The 
memory 23 sends image data temporarily stored to the 
display unit 24 or the image processing apparatus 25. 

[0034] The display unit 24 has the liquid crystal monitor 
12 and displays an image on the liquid crystal monitor 12. 
The display unit 24 displays a loW-resolution previeW image 
or a high-resolution image, temporarily stored in the 
memory 23, on the liquid crystal monitor 12. 

[0035] The image processing apparatus 25 performs 
image processing, such as compression of image data, 
correction of image distortion like keystone distortion, and 
image conversion, on image data temporarily stored in the 
memory 23. 

[0036] The image processing apparatus 25 performs 
image processing on an image having keystone distortion as 
shoWn in FIG. 2A to generate an image Which looks as if it 
Were taken from the front as shoWn in FIG. 2B. 

[0037] To correct keystone distortion of the image of the 
original, the image processing apparatus 25 extracts a quad 
rangle forming the contour of the image of the original from 
the distorted image of the original, and performs projection 
transformation of the image of the original. Performing such 
image processing, the image processing apparatus 25 
acquires an assumed front image of the original 2. 

[0038] More speci?cally, the image processing apparatus 
25 mainly performs the folloWing processes under the 
control of the CPU 30. 

[0039] (1) Acquisition of the Contour From a Shot Image 

[0040] This process is to acquire the [original] contour of 
the image of the original corresponding to the contour of the 
sheet of the original from a shot image acquired by shooting. 

[0041] When the original is shot in a close range using a 
macrolens or a Wide-angle lens in the optical lens unit 21, the 
image of the original is distorted like a barrel due to 
distortion of the image-taking lens section 11. The image 
processing apparatus 25 acquires the accurate contour of the 
image of the original by performing distortion correction 
even if the image has such distortion. The details of the 
process of acquiring the contour from a shot image Will be 
discussed later. 

[0042] (2) Image Conversion (Extraction, Projection Cor 
rection) 
[0043] This image conversion process includes image 
extraction and projection correction. The image extraction 
extracts the contour (quadrangle) of the image of the original 
as a shooting target from a shot image. 

[0044] The projection correction process performs proj ec 
tion transformation of the extracted image of the original 
using affine transformation to correct keystone distortion of 
the image of the original. The affine transformation is Wide 
adapted in spatial conversion of an image. At the time of 
executing projection correction, the image processing appa 
ratus 25 acquires corresponding points of the image of the 
original having distortion by correction corresponding to 
distortion correction. 

[0045] (3) Image Clearing 
[0046] The image clearing process acquires an image With 
an excellent visibility by increasing the luminance, color 
correction, etc. on an image undergone image conversion. 
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[0047] To perform the image clearing process, the image 
processing apparatus 25 extracts image effect correcting 
parameters from an image undergone image conversion. The 
image effect correcting parameters are variables necessary in 
an image effect process, such as the maximum value, the 
minimum value or the peak value of the luminance histo 
gram, and the peak value or the average value of a chromatic 
histogram. The image processing apparatus 25 performs the 
image clearing correcting process by converting the 
extracted image effect correcting parameters to values Which 
make the image clear. 

[0048] (4) Image Compression 
[0049] The image compression process compresses image 
data undergone the image clearing process. 

[0050] The operation unit 26 acquires operation informa 
tion of a user, such as the ON/OFF action of the poWer 
sWitch, and depression of the shutter button 13. The opera 
tion unit 26 sends the acquired operation information to the 
CPU 30. 

[0051] The computer interface unit 27 operates as a USB 
storage class driver When the digital camera 1 is connected 
to a computer (not shoWn). Accordingly, When connected to 
the digital camera 1, the computer uses a memory card 31 as 
an external memory device for the computer. 

[0052] The external memory IO unit 28 inputs and outputs 
image data or so to and from the memory card 31. The 
memory card 31 stores image data or so supplied from the 
external memory IO unit 28. 

[0053] The program code memory unit 29 stores a pro 
gram Which is run by the CPU 30, and is comprised of a 
ROM or the like. 

[0054] The CPU 30 controls the entire system according to 
the program stored in the program code memory unit 29. The 
memory 23 is also used as a Work memory for the CPU 30. 

[0055] When operation information is sent to the CPU 30 
from the operation unit 26 as a result of depressing any of 
the sWitches and keys, the CPU 30 controls the image sensor 
22, the memory 23, the display unit 24, the image processing 
apparatus 25 and so forth based on the operation informa 
tion. 

[0056] Speci?cally, When the mode sWitch is set to the 
shooting mode based on operation information from the 
operation unit 26 and the shutter button 13 is depressed 
halfWay, the CPU 30 sets the individual sections of the 
image sensor 22, the memory 23, [the program code 
memory unit 29] the display unit 24, the image processing 
apparatus 25, etc. to the shooting mode. Under the state, the 
CPU 30 sets the image sensor 22 to a previeW mode, and 
When the shutter button 13 is further depressed, the CPU 30 
sets the image sensor 22 to a high-resolution mode to read 
the high-resolution image of the shooting target. When the 
mode is set to the playback mode by the mode sWitch, the 
CPU 30 sets the individual sections to the playback mode. 

[0057] When operation information indicating depression 
of the image adjusting key is sent from the operation unit 26, 
the CPU 30 controls the image processing apparatus 25 and 
other necessary sections in such a Way as to adjust an image. 

[0058] The CPU 30 Writes data of a previeW image and a 
high-resolution image in the memory card 31 and reads 

Sep. 22, 2005 

Written image data from the memory card 31 via the external 
memory IO unit 28. The CPU 30 Writes image data com 
pressed in, for example, the JPEG format in the memory 
card 31. 

[0059] At the time of temporarily storing image data in the 
memory 23, the CPU 30 Writes data of a previeW image and 
a high-resolution image in different memory areas. The CPU 
30 Writes image data in associated image ?les in the memory 
card 31. When Writing image data into the memory card 31, 
the CPU 30 Writes header information about the image data 
in a header information memory area in the associated image 
?le. 

[0060] The operation of the digital camera 1 according to 
the embodiment Will be described next. 

[0061] When a user poWers on the digital camera 1, the 
CPU 30 acquires data of the program stored in the program 
code memory unit 29. When the user sets the mode to the 
shooting mode using the mode sWitch and depresses the 
shutter button 13, the operation unit 26 sends its operation 
information to the CPU 30. The CPU 30 receives the 
operation information, and the CPU 30, the image process 
ing apparatus 25, etc. execute the shooting process accord 
ing to a ?oWchart illustrated in FIG. 4. 

[0062] The CPU 30 sets the image sensor 22 to the 
previeW mode (step S11). 

[0063] Based on the operation information sent from the 
[image processing apparatus 25]the operation unit 26, the 
CPU 30 determines Whether the shutter button 13 is 
depressed or not (step S12). 

[0064] When it is determined that the shutter button 13 is 
depressed (YES at step S12), the CPU 30 changes the 
previeW mode to the high-resolution mode and controls the 
image sensor 22 accordingly (step S13). 

[0065] The CPU 30 Writes data of the high-resolution 
image of a shooting target generated by the image sensor 22 
in a memory area in the memory 23 different from a memory 
area Where the previeW image is Written (step S14). 

[0066] The CPU 30 determines Whether reading of image 
data has been completed or not (step S15). 

[0067] When it is determined that reading has not been 
completed (NO at step S15), the CPU 30 controls the image 
sensor 22 to continue reading image data. 

[0068] When it is determined that every image data has 
been read and image transfer has been ?nished (YES at step 
S15), the CPU 30 generates a loW-resolution previeW image 
from the picked-up image (high-resolution image) and 
Writes data of the previeW image in the previeW-image 
memory area in the memory 23 (step S16). 

[0069] The CPU 30 controls the image processing appa 
ratus 25 to generate compressed data of the shot image. (step 
S17). 
[0070] The CPU 30 saves the compressed data in the 
memory card 31 via the external memory IO unit 28 (step 
S18). 
[0071] Next, under the control of the CPU 30, the opera 
tion unit 26 acquires the contour of the image of the original 
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Which is the shooting target from the shot image according 
to a ?owchart illustrated in FIG. 4 to be discussed later (step 

S19). 
[0072] The CPU 30 determines Whether the image pro 
cessing apparatus 25 could acquire the contour of the 
shooting target or not (step S20). 

[0073] When the CPU 30 has decided that acquisition has 
been done (YES at step S20), the image processing appa 
ratus 25 creates a projection transformation image based on 
the acquired projection parameters (step S21). 

[0074] When the image adjusting key of the operation unit 
26 is depressed, the operation unit 26 sends their operation 
information to the CPU 30. The CPU 30 sends the operation 
information from the operation unit 26 to the image pro 
cessing apparatus 25, Which in turn performs adjustment of 
image transformation according to the sent operation infor 
mation (step S22). 

[0075] The image processing apparatus 25 extracts image 
effect correction parameters for the image clearing process 
(step S23), and executes the image clearing process (step 
S24). 
[0076] The image processing apparatus 25 performs com 
pression on image data Which has undergone the image 
clearing process, thereby generating compressed data of the 
converted image (step S25). 

[0077] The image processing apparatus 25 Writes the 
generated compressed data of the converted image in the 
memory card 31 (step S26). 

[0078] When it is determined that extraction of the contour 
of the shooting target has not been done (NO at step S20), 
on the other hand, the CPU 30 performs a Warning process 
(step S27). 
[0079] The CPU 30, etc. terminate the shooting process in 
the above manner. The CPU 30, etc. repetitively execute the 
shooting process unless the user operates some key to 
terminate the shooting process. 

[0080] Next, the shooting process Which is executed by 
the image processing apparatus 25 Will be described. 

[0081] (1) Acquisition of the Contour From a Shot Image 
(Process at Step S19 in FIG. 4) 

[0082] To acquire the contour of a shooting target from a 
shot image, the image processing apparatus 25 ?rst gener 
ates a reduced image from the shot image acquired by 
shooting the shooting target, and acquires an edge binary 
image from the generated reduced image. The reason Why 
the contour of the shooting target is acquired using a reduced 
image of the image of the shooting target, not the image of 
the shooting target itself, is because the precision of acquir 
ing the contour need not be so high, so that the burden on the 
process can be made lighter by using a reduced image. 

[0083] As shoWn in FIG. 5A, a shot image generally 
becomes an image distorted according to the lens charac 
teristic of the image-taking lens section 11. To improve the 
precision of detecting extraction of the contour, the image 
processing apparatus 25 reduces a shot image While correct 
ing distortion of an input image a distorted shot image as 
shoWn in FIG. 5A, thereby acquiring a distortion-corrected 
reduced image as shoWn in FIG. 5B. 
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[0084] Then, the image processing apparatus 25 acquires 
an edge binary image indicating the contour of the shot 
image as shoWn in FIG. 5C from the reduced image as 
shoWn in FIG. 5B. At the time of acquiring a reduced image, 
the image processing apparatus 25 also performs distortion 
correction of the input image this Way. The folloWing Will 
describe the idea of acquiring a reduced image While per 
forming distortion correction. 

[0085] Let P(x, y) be an input image input to the image 
sensor 22 via the image-taking lens section 11 and xmax and 
ymax be its x-directional and y-direction image siZes, and 
suppose that a reduced image Q(m, n) Which is UK of the 
input image is produced. 

[0086] With (x‘, y‘) being a coordinate system free of 
distortion corresponding to the input image P(x, y), the 
relationship betWeen the coordinate system (x‘, y‘) and the 
reduced image Q(m, n) is given by the folloWing equation 1. 

[0087] Where 

[0088] x‘: the x coordinate of the coordinate system 
free of distortion corresponding to the coordinates 
Q(x, y) of the reduced image, and 

[0089] y‘: the y coordinate of the coordinate system 
free of distortion corresponding to the coordinates 
Q(x, y) of the reduced image. 

[0090] It is assumed that in the embodiment the input 
image P(x, y) and the coordinate system (x‘, y‘) are given by 
the folloWing equation 2. 

[0091] Where 

[0092] xc: x coordinate of the center of the image, 

[0093] yo: y coordinate of the center of the image, and 

[0094] k: distortion coef?cient Which is determined 
by the lens. 

[0095] Substituting m=0 to xmax/K and n=0 to ymax/K 
into the equations 1 and 2 in order, a reduced image q is 
acquired. The number of operations for the reduced image 
becomes 1/(KA2) With respect to the original image. 

[0096] To acquire an edge binary image as shoWn in FIG. 
5C, a ?lter for edge detection called a Roberts ?lter, for 
example, should be used on the distortion-corrected reduced 
image as shoWn in FIG. 5B. The Roberts ?lter acquires tWo 
?lters A1 and A2 by Weighing tWo 4-neighbor pixels and 
averaging them to thereby detect the edge of an image. The 
conversion using the Roberts ?lter is expressed by the 
folloWing equation 3. 
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[0097] 
[0098] Pe(x, y): pixel value of coordinates (x, y) 

(after conversion) 

Where 

[0099] f(x, y): pixel value of coordinates (x, y) 
(before conversion) 

[0100] The image converted by the equation 3 is digitized 
according to the folloWing equation 4. 

BW(x, y)=1(Pe(x, y) E Vithresh) 
BW(x, y)=O(Pe(x, y)<Vithresh) (4) 

[0101] Where 

[0102] BW(x, y): edge binary image 

[0103] V_thresh: preset threshold 

[0104] The threshol V_thresh is a preset value Which is 
memorized by the image processing apparatus 25. 

[0105] To acquire the contour of the shooting target from 
a shot image, lines Which form the contour of the shot image 
are acquired from the acquired edge binary image. The 
image processing apparatus 25 acquires the lines using 
Hough transformation. 

[0106] The Hough transformation is a scheme of project 
ing image data of (X, Y) coordinates indicating a line L as 
shoWn in FIG. 6A onto a projection plane passing the center 
of the image and having an inclination 6 to generate a 
projection histogram on the p axis of the projection plane. In 
other Words, the Hough transformation projects points con 
stituting a line on the X-Y plane as shoWn in FIG. 6A onto 
the p-@ plane as shoWn in FIG. 6B expressed by the 
folloWing equation 5 to convert the points to the number of 
votes on the p-@ coordinate system. 

p=x cos 6+y sin 6 (5) 

[0107] When the line L is deformed as shoWn in FIG. 7A, 
With votes given on the s1 axis, the s2 axis and the s3 axis, 
the projection histogram shoWs a distribution as shoWn in 
FIGS. 7B to 7D. Note that the s1 axis and the s3 axis are 
axes Which are inclined respectively by angles +6 and —6 
about the origin of the (X, Y) coordinate system With an 
angle 61 of the s2 axis taken as a reference. 

[0108] As shoWn in FIGS. 7B to 7D, While the number of 
votes on the s2 axis should have a peak by the original line 
L, the peak value on the s2 axis becomes loWer than the peak 
values on the s1 axis and the s3 axis. The image processing 
apparatus 25 may detect a peak 6+6 or 6-6 and select a 
quadrangle candidate shoWing the Wrong contour of the 
image of the original. According to the embodiment, distor 
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tion correction is executed at the time of generating a 
reduced image as mentioned above, distortion as shoWn in 
FIG. 7A does not occur and such a Wrong contour of the 
original Will not be extracted. 

[0109] The contents of the quadrangle candidate selecting 
process for the image of an original Will be discussed beloW. 

[0110] To select a quadrangle candidate for the image of 
an original, lines are acquired based on the peak values 
detected through the Hough transformation and are then 
combined to produce a quadrangle candidate. 

[0111] When the angle 6 at the coordinates (x, y) of each 
point is changed from 0 to 360 degrees through the Hough 
transformation, the same line is expressed by one point on 
the p-@ plane. It is therefore possible to determine that the 
p-@ coordinates Which have a large number of votes can be 
considered as a line. At this time, the number of votes 
becomes the number of pixels on the line and can thus be 
considered as the length of the line and can be eliminated 
from candidates for the line. 

[0112] At the time of performing Hough transformation, 
the processing speed can be improved by reducing the 
number of points of an inspection target and the number of 
angles 6. According to the scheme using Hough transfor 
mation, the greater the number of points of an inspection 
target and the number of angles 6 become, the sloWer the 
processing speed becomes. To avoid the drop of the pro 
cessing speed, an edge image is reduced at the time of edge 
detection by thinning data on the coordinates of the points of 
the inspection target in both the X- and Y-axial directions at 
given intervals. This can reduce the number of points of the 
inspection target. 

[0113] The number of inspection angles can be reduced 
further by the folloWing method. 

[0114] Let us consider the coordinate system Where the 
center of an edge image Which is an inspection target is the 
origin. As p takes a negative value, if the angle 6 is measured 
Within the range of 0°§6<180°, p becomes negative Within 
the remaining range of 180°§6<0°. 

[0115] When the center of the shooting target is positioned 
near the center of the image, hoWever, the individual sides 
of the shooting target (quadrangle) to be actually shot are 
present on up and doWn and right and left. In this case, it is 
more efficient to measure the number of votes on the p-@ 
plane Within the range given by the folloWing equation as 
shoWn in FIGS. 8A and 8B than to inspect them Within the 
range of 0°§6<180°. 

[0116] Upper and LoWer Sides 

[0117] 45°§6<135° (or 225°§6<315°) 
[0118] at this time, 

[0119] sin 0; 07074140707, 

[0120] cos 6: 0.707Q0—>0.707 

[0121] Right and Left Sides 

[0122] 135°§6<225° (or 315°§6<45°) 

[0123] 
[0124] 
[0125] 

at this time, 

sin 6: 0.707%1Q0707, 

cos 6: —0.707Q—1—>—0.707 
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[0126] The upper and lower sides or the right and left sides 
can be speci?ed depending on Whether the value of p is 
positive or negative. When the center of the shooting target 
is positioned near the center of the image, as apparent from 
the above, the sides constituting the contour can be selected 
more ef?ciently. 

[0127] Lines Which form the quadrangle of the contour of 
the image of the shooting target are speci?ed from those 
lines Which are detected through Hough transformation. 

[0128] In general, the outermost quadrangle in the shoot 
ing target may be speci?ed as the contour of the shooting 
target. The aforementioned maximum area can be speci?ed 
by specifying the upper and loWer sides and right and left 
sides to those With the maXimum absolute values |p| of p. 
Sorting the absolute values |p| in siZe order, the order is 
determined as the priority order of line candidates. 

[0129] When four lines of the quadrangle are selected, 
their points of intersection are then acquired. The Xy coor 
dinates at Which the four lines of the quadrangle intersect 
one another are computed by converting lines expressed by 
the p-0 system to lines of the (X, y) coordinate system. 

[0130] As the acquired coordinates are the coordinates (m, 
n) of a reduced image, the coordinate values, if multiplied by 
K, correspond to the coordinates (X, y) of the original image. 
Let the coordinates of the four vertices of the quadrangle 
acquired in that manner be (X0, y0), (X1, y1), (X2, y2) and 
(X3, y3). 
[0131] Based on the concept, the image processing appa 
ratus 25 eXecutes the process of acquiring the contour of the 
shooting target according to the ?oWchart illustrated in FIG. 

[0132] The image processing apparatus 25 acquires a 
reduced image Q from the shot image by sequentially 
substituting m=0 to XmaX/K and n=0 to ymaX/K in the 
equations 1 and 2 (step S31). 

[0133] The image processing apparatus 25 performs an 
arithmetic operation using the Roberts ?lter eXpressed by the 
equation 3, and acquires an edge binary image by digitiZing 
the reduced image according to the equation 4 (step S32). 

[0134] The image processing apparatus 25 performs 
Hough transformation on the acquired edge binary image 
according to the equation 5 to detect lines forming the edge 
binary image (step S33). 
[0135] The image processing apparatus 25 selects quad 
rangle candidates by combining the detected lines (step 
S34). The image processing apparatus 25 eXecutes the 
process of selecting the quadrangle candidates according to 
the ?oWchart illustrated in FIG. 10. 

[0136] That is, the image processing apparatus acquires a 
plurality of coordinates Which have a large number of votes 
in the range of 45°§0<135° as candidates for lines forming 
the upper and loWer sides (step S41). 

[0137] Likewise, the image processing apparatus acquires 
a plurality of coordinates Which have a large number of 
votes in the range of 135°§0<225° as candidates for lines 
forming the right and left sides (step S42). 

[0138] The image processing apparatus 25 sets the degrees 
of priority of those candidates in the X-aXial direction and 
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the candidates in the Y-aXial direction the signs of Whose p 
values differ in order from a descending order (step S43). 

[0139] The image processing apparatus 25 selects the 
upper and loWer and right and left sides Which have the 
maXimum values of p as the most likely candidates (step 

S44). 

[0140] The image processing apparatus 25 Writes the 
verteX coordinates of the selected quadrangle candidate (step 
S35 in FIG. 9). The quadrangle candidate is selected this 
Way. 

[0141] (2) Image Conversion (Process at Step S21 in FIG. 
4) 

[0142] To begin With, projection transformation Will be 
described. 

[0143] As shoWn in FIG. 11, let p(X, y) and P(u, v) be the 
original image to be subjected to eXtraction and projection 
correction and before projection transformation and a pro 
jection-transformed image after projection transformation, 
respectively, the original image p(X, y) and the projection 
transformed image P(u, v) are associated With each other by 
the affine transformation equation. In FIG. 11, (X, y) indi 
cates the piXel position of the original image p(X, y), and (u, 
v) indicates the piXel position of the projection-transformed 
image P(u, v). 

[0144] The image processing apparatus 25 acquires af?ne 
parameters by associating the verteX coordinates (X0, y0), 
(X1, y1), (X2, y2) and (X3, y3) of the quadrangle candidate 
for the image of the original acquired by the process of 
selecting the quadrangle candidate for the image of the 
original With elements of the matriX of the general equation 
of the affine transformation. 

[0145] Af?ne transformation from the projection-trans 
formed image P(u, v) to be acquired to the original image 
p(X, y) is given by the folloWing equation 7. 

[0146] In the equation 7, the affine parameters are given by 
the folloWing equation 8. 

[0147] 
9. 

Where 0t and [3 are given by the folloWing equation 
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[0148] The projection-transformed image P(u, v) can be 
acquired from the original image p(x, y) based on the 
equations 7 to 9. Further, the image processing apparatus 25 
performs distortion correction in addition to extraction and 
projection transformation. 

[0149] To execute distortion correction, ?rst, the pixel 
positions of the original image p(x, y) corresponding to the 
pixel positions of the projection-transformed image P(u, v) 
are acquired. In acquiring the projection-transformed image 
P(u, v), it is convenient to acquire the pixel positions (x, y) 
of the original image p(x, y) corresponding to the pixel 
positions (u, v) of the projection-transformed image P(u, v) 
by using inverse transformation A of the affine transforma 
tion Af, rather than acquiring the pixel positions (u, v) of the 
projection-transformed image P(u, v) corresponding to the 
pixel positions (x, y) of the original image p(x, y) using the 
affine transformation Af, as shoWn in FIG. 11. 

[0150] To acquire the pixel positions of the original image 
p(x, y) corresponding to the pixel positions (u, v) of the 
projection-transformed image P(u, v), af?ne parameters 
given by the equation 8 are used. It is to be noted hoWever 
that the pixel positions (x, y) are the pixel positions of a 
distortion-free image or an image undergone distortion 
correction, so that the original image p(x, y) are replaced 
With an image p1(x‘, y‘) to set an image before distortion 
correction to p(x, y). With the replacement done, the equa 
tion 7 is reWritten to be the folloWing equation 10. 

[0151] Where 

[0152] (x“, y“, Z“): coordinates of the image P With 
out distortion 

[0153] (x‘, y‘): coordinates of the image p Without 
distortion. 

[0154] The image p1(x‘, y‘) is associated With the image 
p(x, y) before distortion correction by the relational equation 
2. Using the equation 2, therefore, individual coordinates (x, 
y) of the corresponding image p(x, y) before distortion 
correction can be acquired from the coordinate positions (x‘, 
y‘) of the image p1(x‘, y‘) While performing correction 
corresponding to distortion correction Which has been 
executed When having generated the reduced image. 

[0155] The pixel values x, y of the points p(x, y) of the 
original image corresponding to the individual pixels of the 
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projection-transformed image P(u, v) acquired this Way 
should not necessarily be an integer. In this respect, a 
bilinear scheme should be used as the interpolation method. 

[0156] The bilinear-based interpolation is to acquire the 
pixel values of the coordinates (x, y) of one image or the 
original image (projection-transformed image p) corre 
sponding to the pixel values of the coordinates (u, v) of the 
other image (image P) from the pixel values of the surround 
ing four points p(X, Y), p(X+1,Y), p(X, Y+1) and p(X+1, 
Y+ 1) as the pixel values of the coordinates (u, v) of the other 
image, as given by the folloWing equation 11. 

Y)+(1—kx)*ky*p(X, Y+1)+kx*ky*p(X+1, Y+1) (11) 

[0157] Where With p(x, y) being the coordinates of the 
point p of one image, 

[0158] kx: the value equal to or smaller than a 
decimal point of x 

[0159] ky: the value equal to or smaller than a 
decimal point of y 

[0160] X: integer portion [0161] Y: integer portion 

[0162] Based on the concept, the image processing appa 
ratus 25 executes the projection transformation process 
based on affine transformation according to the ?oWchart 
illustrated in FIG. 12. Let the coordinates u, v indicating the 
pixel positions (u, v) of the projection-transformed image 
P(u, v) be Oéuéumax and Oévévmax, respectively. 

[0163] The image processing apparatus 25 initialiZes the 
coordinate u of the projection-transformed image P(u, v) to 
0 (step S51). 

[0164] The image processing apparatus 25 initialiZes the 
coordinate v of the projection-transformed image P(u, v) to 
0 (step S52). 

[0165] The image processing apparatus 25 acquires the 
pixel positions (x‘, y‘) of the image p1(x‘, y‘) by substituting 
the pixel positions (u, v) of the projection-transformed 
image P(u, v) in the equation 10 (step S53). 

[0166] The image processing apparatus 25 performs cor 
rection on the acquired pixel positions (x‘, y‘) of the image 
p1(x‘, y‘) according to the equation 2 to acquire the pixel 
positions (x, y) of the image p(x, y) (step S54). 

[0167] The image processing apparatus 25 performs bilin 
ear-based interpolation according to the equation 11 using 
the projection-transformed image P(u, v) and the image p(x, 
y) to acquire the pixel values of the projection-transformed 
image P(u, v) (step S55). 

[0168] The image processing apparatus 25 increments the 
coordinate v of the projection-transformed image P(u, v) by 
1 (step S56). 

[0169] The image processing apparatus 25 compares the 
coordinate v of the projection-transformed image P(u, v) 
With the maximum value vmax, and determines Whether the 
coordinate v of the projection-transformed image P(u, v) 
becomes equal to or greater than the maximum value vmax 
(step S57). 








